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^««f=i« JSf J ?• ' P'"«'""'nafy weak bonding of semiconductor wafers with subsequent 
t^ni?fwf! application of gas Isostatic pressure simultaneously with heat treatment at prescribed pressures, 
temperatures and times in order to improve bonding strength and the yield of strongly bonded wafers 

qTh irrL" nJfr'^ ^^^f? ""'"^ f '"1?'""' example) in a Hot te&c SSsT^?xanSJe 

QIH-3) The pressure and temperature can be controlled separately so as to tailor the bonding process and 

Sis'ifitSsmW^^ PfBliminary^eak b'onding does not'^lXVneSon o^^^^ 

PTMSure transmitting media in the space between wafers and helps avoid the need for seaiino the samoie into 
vacuum tight container. HIPing without preltmlnaiy weak bondlng'it the same cSSll^r^^K^lTS, 

fho «f««I!l,f pressures evenly over the large area of sample and maintaining pressure on 

Se SnHhl^^^ ^Vt capabilities of the proposed method which s£nlficantly Improvi mTsJ^Sh of 
the bond between the two (or more) wafers involved. Such treatment allows for materials with different thermal 

^ P^®^"™ *° P^"^ bonded samples with complex 

geometry or on multiple samples simultaneousl y without their macroscopic plastic defbrmaflon. '^"^'^^ 



Hot Isostatic Pressing is traditionally used for large macroscale operations like densifK^tion of 
powders and castings, diffusion bonding of structural materials like brenJ anHi . LS^eS bondina 
^^i^iff^t^^"'^^'?^^'^^^'''^ application to prelimlnan^ weakly bonded v^fe^STi^^SSfg^' 
S!^^2^f InH ^rr*'? K ^ f optoelertronic properties without encapSion 

or^r^nrf if ^J^fH™ ^i*?^ mentiOTed b^ore in the scientific literature. Despite ttie fact that appli<^ Hon of 
pressure IS considered in general favorable for difiusion bonding, the use of HIPing as important tS^noloolcal 
SiJZ^^!^^f^,^'f^!°^ semiconductor devices was not experimeniTprolXefore and S?^^^^ 
SSTs^Si^ r«^™ '^''"^ *° ^^'^^ oWent at all that the relatively tow iSSi o? 

pressures^bout 2 kbars or less) and temperatures (below 700 "C) applied during the reasonaWe time wffl 

SS?r^.''""°" *° '^"^ appllitiSKs. whne ensuriiS^^l 4SJeSX,nfc 



Bonding of wafers with different thennal expansion coefficients typically use uniaxial pressure ffor examoie in a 
£'^'1^*'}'^ *° »° exIstS method - a graphKaSSure f7 

SS^ ?^ "T^i "^"^^.I!?' i^^^ ^i^^^' °f P^^^"^e« - on'y reference to "eiSo2 p?Ss J? was 

JSSi i,™ft'fH*®'"''^?i"''^® 1^!° ^ - ^> ^P^'^'f'ed in the prototype method ^w3l aXteal iSe 
penod about 2 hours. The prototype method has a disadvantage due to the plastic defomiSn Ld ber^dSIi of 

P^Z^^tS^rZ'^r^^l^i t^'^^'^r"' '^'^ ^^-"^ pressu^e'S^pSoT'-Sir^^^^^^^ °' 
processes require the mechanical application of pressure and are difficult to scale to larae samolp.! withnnt 
inhomogeneous pressure application resulting. The proposed method based Stl Pini 5 
samples guarantees unifom, pressure application by the use of gas preSSre a"awS%uSs^S2^^ 
orientation or geometry and minimizes the plastic deformation of bonded wafers samples. 

the pressure application in the proposed method Independently during the heatina staae 
s a so unique. Existing anvil type devices typically rely either on differential therxnKpTnsiono^^^^^ 
T^Z^ll^^r^^l^' 1° ''^""9 *° produce the desired pressures T?rSS? m^^^^^ 



or shimming of differential thermal xpansion devices. ^0-«M l» J.'^l^-?7 ,^ -t-OjlOD 



The conditions on pressur . temperature and time for achieving a desirable level of strong bonding of wafe» 
do not logically foHow from some known experimental results or from physical laws. It is also Impossible to 
predict these conditons theoretically due to the lack of reliable theory whteh is able to describ pressure 
SfoS™ Lk?? sequence of technological steps (especially weak bonding of wafers allowing HIPing 
^Sm^ten^ i SEf!? *""e-temperature^)ressure parameters of HIPing for given wafers must be found 
rt»mnn^^S?ot2Sr ^r*^^, '^'^^"^ materials should be developed. At the same time successful 

«?.ri^i«fi.rw Jlh ^ °' T^^y bonded wafers without encapsulation demonstrates that the process can be 
also successful for other matenals due to the similarity of their mechanical and physical properties. 

withnni f'hf I'.^'lfS'.Jf "'®"*!°f'^ here that the proposed process allows the direct bonding of materials 
m?S? c?«J^^r^U rii^H K*^*® "i^'^ '^"^"S without the use of UKra-high Vacuum 

^^^St^^^]!^''!!^.^''^'''^.'^^^'''^^'^ "^^ P^^s"™ assisted pr^ss can be 

aSStoHon sSi^rJ^rS^t mf* those requiring direct bonding, but the focus here is on the most critical 
application since it presents diffiailtles not adequately addressed by other means. 

«ho™^i ^®s'*^®! possibility to successfully replace method where pressure appHcation is necessitated by 
JoXh ^'Sf H'P assisted bonding has premise for tS processing of oSer^fer 

toSiSi^n if ST'h t^"?V,^tems. pressure application has not been explored since satiSo^ 
£22r£^,^K™y ♦^H*!^^^^ P'?^"'® application. However, the appearance of defects at the bonded 
S22S1n^!^r..^fJ'^'f K*^*^ by Uie applicatton of isostatic pressure since mkny such defects Involve an 
o T "^'"^ ^ L®^^ energetically favorable under high isostatic pressure. Additional 
dS: to^^SSsSSappSoS!"" "^^^ of temperature and time required to acSileve a streng bonding 



tprhn?n,»5e »h«» f H? f 3^^«>a«* "eld With many different techniques. The first distinction between 
^nfi^ ^ °^ '"'^"^ The first type of bonding involves the joining of two wafere 

diS a ^^^^"^ *° «t™"9 »»o"*"9- This U of bon3°ng SiLe 

difficult than t^hnte|ues utilizing oxides or reactive Interlayers. but it yields material with more flexible 

besides mechanical joining or perhaps contact fbrmaHon. in the case of a conductive Interiaver Most low 
S^Sri^K*' Th*"^ techniques mvolye the use of some sort of Interiayer, LSI^ an cSSe formed from 
^Z^^l^ef!'^"^^^^^^ "''''"^""S GaAs^n-Si wafers yields wa?ers?oTned 

I ^cia^'lP without the use of any interiayer is often temied wafer fusion In order to hiahliaht th 

nrnS^^t materials to be integrated into the active regions of the device for full utfllzation of the 

tZa^S^^^^^lf^- ""^^t appncatlons of wafer bonding are those where two materials 
tevmg different thermal expansion coefficients are fused together. Such fusion normally r«auires hiah 
temperature treatarients to ensure a covalent bond between the different nSerials ^ 
^m.» fJ^J^mt'lf^^'?^'^ overcoming this so-called thermal mismatch is to load the samples into 
sorne apparaUis designed to press the wafers together during the heating process. Often this is done usina a 
^^nS Z'^f o' f "!»3We materials for the temperatures aSd^amblei^ts to li uiS ?Re ^ 

)?rn! of such devices relies heavily on the precise tightening of screws or bolts; oTev^theplacing of a 

large weight on top of the samples or fixture. Another method for pfessing the wafers Cetlier renes on tt? 
^^^^ e^Pf s.on of the sample and parts of the pressure fixture to exert larJe forc?s p2S Se^^^^ 
togemer during heating stage. For example, by placing the sample between ScraoWteS Sen 

SSS^^'if n^Bohinea from a solid block of quaS. S^^^^^ 

pJSSSnn r^f ^^'"S'^ ^P^u: ^^^""^ ^'^^^^^ sample attempt toWxpaAd SKe nS 
expansion free quartz. In this method, control of the pressure exerted relies on tt^e abni/Tto cWm^ 
sample/graphit combination within the hole In the quartz. (StfieSeSte c^S^^ 



disadvantage of the thermal xpansfonmlSod however fe^^^ expansion method. The maj^ 

since it Is nearly ImpossibI to quantifyTe aSourtrf DS;?ure^^^^ oontroliing the applied pressurB 

a given arrangement of graphte. sample a^shiSis Th7most^S^^n^li^* .^"^ ^"^""9 temperature for 
methods is that of applj^g the pressure evVnltZ^; i Jmtr^^w ""^'tent difficulty associated with both 
Is increased. EspeSy in the ,^2 of ^rmeSiS^^^ ^^P'« 
the presence of particles between the shims iSd S^m™ ^' ^ '"homogeneities, such as 

One way to avoid the ^mcuS^ll^^^^^T^^",^°''^ P"^®"'^ application and bonding failure, 
temperature bonding procSSs Sfe Is KSlf^ ^^•'"k ' expansion mismatch Is to use lower 
attractive. In order to avoid SnSS??em^^^^^^^^^ Site .IrS- use of reactive Interlayers or oxides 
crystals Involved, ultra-high vacuur^ (UHV) sS?ha^ 2f n frS^^^tST^c "^"^ ^ 

allow for high temperature heat treatiients K^feTt^Su^i^h?^^ Such ultraH:lean em^lronments 
surface passivating species from the samoles Th^2«.£,^ l*"^® necessary desorption and release of 
unsatisfied bonding reWmente of theS(;e mS^^a^^^^ though highly reactive due to the 

chamber is devoid of material for sucSTracE? iSTfL™? . ^'''1*° '^!^''* an)/thlng since the UHV 
brought into contact so that fte lilSe^Ss^n ^ *° '"^er temperatures and 

temperature of bonding resSS^tl^^V^^ ^ The lower 

temperature. ^ '^^^'^ °' stress as the samples are cooled to room 

high tem'S^luSTutctlani^^^^^^^^^^ '»r,«'°ndlng since the needs for both 

of this technique is the requirement of an uX chamh^^ ^7"^^ ^® saUsfied. The disadvantage 

chambershavelowthroughpSr^ieSfteti^^^^^^^^ Such 
In genera, the use of su<^ vacuuin Siamtlere^ n^ib^^^^^ pumping to the necessary vacuum, 

need to be processed. cnamners is prohibited in industrial settings where large material volumes 

ofasult££:7y^foTbo^^^^^^^ 

published. Though the Si apSSof nr^n^^l° ^'''^ °" enhancement has been 

bonding is necesiary. the appSKf |so?S^^^ ^'^ applications where pressure assisted 

Processed at high enough ti^itemS^S^HnS^.T^'' T"'^ ^""^ 

could be Induced. Such transitions wSJid SS?5SSvtor h^^"/J' ^7 ^' ^"^^ '"terface 
Improved material as compared to that orodui^d w»^^^^ bonded materials and could yield much 

processino. *^ "uwmai produced without the application of hot isostatic pressure during 



IdeSlytS^rTJuVri^T'thi^^^^^^^^^ 

passivating species on L crvste\ sorties tSLfTi^^^^ presence of surface 
wafer materials. In the casSKnSlS^^re SeSrk?SnH"/I^^!f passfvating species are oxides of the 

themselves, the passivating soed^^ usu^^S^^^ u ^ '! ^ between the materials 

being cleaned thS waferare^h^^^rSiS cS^^^^^ *° After 

Hydrogen bonding mechanisms occurs StrengS^i^^ ^'^^'"9 ^an der Waals or 

bonded wafers. The materials themselv^ Sid SftSS.^^^ ^ achieved via heat treatment of the 

in the chamber is inert but ran be varied acco?dtaa to^fd^S^ ^'^'"S- "^he gas used 

are then heated and the chamber Is JrSsSdSSr^Sa SSnf ''■'^^^^^ ^i?-^ "^^essary purity. Samples 
with the samples is made as the pressuSis^DiSl3S?,^?« ^f*.?!. •^''r^^ mechanical contact 

Temperature levels and ramps can be cwi?o!Kdf nS °^ '"^Ide the chamber, 

process fit for tailoring to spedfic AqSrTrSS ofTh? m^^^^^^ '^'"P^' '"«Wng the 

from nomial to 2000 -C are available as Sas nr?«.Tr?^.? T^"" Temperature levels ranging 

of processed material. The HIP SlSKTfS^ c^nH.^^^^ *° ^ kbar. depending on the type 

temperature under the pressure and^SeSLSft deJ^«^ri«»- ^ T«? *'°u°''"9 °^ ^^"'P'es to normal 
configuration of the processing paramSs^Slen SSow " °^ ^ ^'^^'"P'^ 

-AfterHIP procegsjngttieMmplesare rea for treatment a. « .in^i. 



mateSate Iw^r -Kl^ *^ o^Sl f "«»8sfuHy Implemented for the bonding of four different 

BittaJr^lSSS «nTJ^,^?"K '"''^'"P homobonding. InP/SI heterobonding and 

sSS^fL5i^^^"n2r5?o^®T''r*"?; T*'^ »r«alment used preliminary hydrophoblcally bonded wafers. 
hS prepared so as to have Hydrogen terminated surfaces before Van der Waal bonding. The 

l^t^lLtn^^f.S'uT'^ ^T^^. ^^^^^ but is suff«;ient to allow handlSg ofl, 

nf nlL . ^-^ ""^ chamber. Most important is that ^lis prelnninary weak bonding was enough to 

TSfaUom us^o°^^^^^^^ ""^^^ (for exempt ar^on gas) into the space between SrS 

n-Lnr^^ • . w aPP'«aton of gas pressure to wafers without wafer encapsulation. The specific 
KbeSo ^''JnS^/^r^^^^ ln*^i^'^*"^ '^'"P °^ 2'C/min to ZO0'>C for a dwell time of 30 minutes 
2™2L!T ^ , ^° to 650»C where the temperature was maintained for 65 minutes. The 

f^h fh ^* ^ '^i^ °' ^ '"^'Ht^'ning the constant gas pressure. The pressured 

i^f ^"'^'S"* P'^"? ^P"^^ ««'"P'«s had dwelt at 650-C for 1 0 minuS. 

^Ire^ JS^ZZTf^^" '^"■^ '^f'^' P'^*"^ *^ "^P^ 45 minutes. The Sh 

^^^^^1^ for the remaining 10 minutes of 650»C heating and for the whole cooling process 

Upon removal from the chamber, all samples were found to be veiy strongly bonded toqether events 
SSL'SlVJf Ur^' f ^^^""^ *° "^"^^ Without ^3^^^^ 

^iSttTt^^ ? A*""^ °^ ^® has been made with the ^tion of theTlmpte haJing 

a f iSSSodf Snr^fi^v ^^^^^ ^^f'f "^.H?^** *° ®' "^"^ ^P'« has been sCccessfiilly pSsedS 
a simple photodetector. Unlike samples having this same structure but different bondina oroc^ses Uiese 

SSo^'^iTS ^ cJelamlnatlbn anomalies during the device proSssing 

SSfw . f""*^"^ photo-Induced cun-ent without any applied voltage. Such behSr was not (S^^^^ 

those detectors p reviously fabricated at UCSD usino standard anvil based bonding teSou^ 



^JSS'^^ **lf?!?^ expansion mismatch requires some special treatment of the bonded pair in 

S^tiS oTJl^f^'L? H?*"^ obviously stand to benefit from this gas pressure assisted meth<S o^^ 
fSK!^ -fJ^,^^ bonding, or fusion, is currently being pursued at the commercial level This 
ffiS^m^tri^iT'^^^^^^'^r^*'^ Photodiode (APD). wtS requires a high qua% SSinte^ce 
bejveen matenals having different thermal expansion coefficients. Other possible appli^tSis include solar 

s^^bZula5^^^t^^S.T^^^ interface in such a manner as is not 

avaiiaoie using bonding techniques which Include some sort of interiayer One oossible anolication* vuWoh 
^^mJS^^j" f f '^«n^<^h 'iterature are those of the wafer fused HSeroSnctfoTe^^^^^^^ 
and llW-on- insulator applications. Such devices as a AIGaAs-GaAs-GaN HBT would a tor vSv^^ 

miw ?® ^PP''?3*J?" Of this gas pressure assisted process to wafer bonding is yet verv new its aoolfcabilitv 
^r^^ttcTZTJ^S^^'^'^ special treatment for successful bonding isrol cS^r S^iweS!^^^^^^ 
or S iafaS^c^iSn ?? <>" samples where amorphous interlayers are seen to fomi. 

ZTof^^^^^^^n^lS:^^^^^ oPP-^^h'ty for signiflca'nt impact on a wS* 
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